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Translocation of Boreal Toad (Anaxyrus boreas boreas) into
two springs in the Grouse Creek Mountains, Utah,
including demographic observations
PAUL D. THOMPSON1,*
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ABSTRACT.—The Boreal Toad (Anaxyrus boreas boreas) is widely distributed in western North America and has
declined throughout portions of the Rocky Mountains. One mechanism to expand populations is to translocate toads
into unoccupied habitats. Wild-captured juvenile (n = 229) and subadult/adult (n = 42) Boreal Toads were translocated
into 2 unoccupied spring-fed ponds located near 10 known breeding populations in the Grouse Creek Mountains, northwestern Utah. Boreal Toad egg strands were observed at one pond in 8 of 9 years following the last translocation of toads
(n = 1–5 egg strands deposited per year) and in 3 of 5 years in the second pond (n = 1–4 egg strands deposited per
year). Both translocations were considered short-term successes. Between 1999 and 2017, 1964 Boreal Toads >55 mm
SVL were PIT-tagged in the Grouse Creek Mountains, and recaptures were used to develop a growth curve that
explained 79% of the size-age variability in this population. The growth curve will allow managers to reasonably identify
age-1 and age-2 toads based on SVL and better evaluate Boreal Toad recruitment during population monitoring. Eight
Boreal Toads were documented to have lived 11–16 years, and movements up to 7.6 km were documented across a relatively arid sagebrush/juniper landscape.
RESUMEN.—El sapo boreal (Anaxyrus boreas boreas) se distribuye ampliamente en el oeste de América del Norte,
mientras que, su población disminuyó en algunas zonas de las Montañas Rocallosas (Rocky Mountains). Un método de
expansión poblacional consiste en translocar a los sapos a hábitats desocupados. Sapos boreales juveniles (n = 229), y
subadultos/adultos (n = 42) fueron capturados en vida silvestre y translocados a dos estanques vacíos, alimentados por
manantiales, ubicados en las proximidades de 10 poblaciones reproductoras conocidas de la cordillera Grouse Creek, al
noroeste de Utah. Se observaron filamentos de huevos de sapos boreales, en un estanque en ocho de los nueve años
subsiguientes a la última translocación de sapos (n = 1–5 filamentos de huevos depositados/año) y en tres de cinco años en
un segundo estanque (n = 1–4 filamentos de huevos/año). Ambas translocaciones se consideraron un éxito en el corto
plazo. Entre los años 1999 y 2017, 1964 sapos boreales >55 mm longitud hocico-cloaca (SVL, por sus siglas en inglés),
fueron marcados con un transpondedor integrado pasivo (PIT, por sus siglas en inglés), en esta cordillera. Las recapturas
se usaron para desarrollar una curva de crecimiento que explicaba el 79% de la variabilidad respecto a la talla-edad de
esta población. Dicha curva de crecimiento permitirá a los gestores identificar satisfactoriamente sapos de entre 1 y 2 años
de edad basándose en la SVL y evaluar adecuadamente el reclutamiento del sapo boreal durante el monitoreo. Registramos ocho sapos boreales que vivieron entre 11 y 16 años y documentamos desplazamientos de hasta 7.6 km en un
paisaje relativamente árido de artemisas/enebros.

The Boreal Toad (Anaxyrus boreas boreas,
formerly Bufo boreas boreas) is a subspecies of
Western Toad (Anaxyrus boreas) that is widely
distributed in western North America (Campbell 1970a). These toads become reproductively mature at 3 to 4 years of age, and
females do not breed every year (Hogrefe et
al. 2005). While reproducing, male toads grasp
and hold onto the dorsal side of the females,
who deposit black eggs in long, cylindrical
strands surrounded by transparent gelatinous

film (Wright and Wright 1995). Females often
intertwine the eggs among vegetation in the
still, shallow water along the edges of ponds,
lakes, and streams (Campbell 1972, Nussbaum
et al. 1983, Stebbins 1985). In Utah, eggs generally hatch within 3 weeks of deposition, and
tadpole development requires approximately
2 months on average (Hogrefe et al. 2005).
Boreal Toad hibernacula consist of existing
burrows (Jones et al. 1998), chambers beneath
boulders (Campbell 1970b) or beaver dams/
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lodges (Loeffler 2001), or any locations where
the toads can maintain stable body temperatures above freezing (Smits 1984).
While once considered common (Corn et
al. 2005), the Boreal Toad has declined throughout portions of the Rocky Mountains (Loeffler
2001, Muths et al. 2003, Cary et al. 2005),
prompting the development of a conservation
plan to help guide efforts in Utah (Hogrefe et
al. 2005). The declines in the Rocky Mountain
population resulted in a 2011 petition to list
the southern Rocky Mountain population (Colorado, New Mexico, and southeastern Wyoming)
and the eastern population of Boreal Toad
(southwestern Wyoming, Utah, northeastern
Nevada, and southeastern Idaho) as threatened or endangered under the Endangered
Species Act (ESA). Habitat degradation and
disease, specifically amphibian chytrid fungus
(Batrachochytrium dendrobatidis, Bd), were
listed as major threats to the Boreal Toad in
the petition (USFWS 2012). These populations were evaluated and determined to be
unwarranted for protection under the ESA
in 2017 (USFWS 2017).
In Utah, the current distribution of Boreal
Toads was largely unknown prior to 1995
(Ross et al. 1995); however, more than 1100
surveys conducted between 1995 and 2003
better defined the distribution of this toad
(Thompson et al. 2004). Boreal Toads still occur
in 12 geographically distinct areas within Utah,
representing discrete populations (Thompson
et al. 2004), including the Grouse Creek Mountains where Boreal Toads occur in atypical
habitats compared to habitats of other Utah
populations or other populations across their
range. These populations occur in a desert
environment in isolated spring systems that
were developed into livestock watering ponds,
at elevations lower than other populations in
Utah (Thompson 2004). While Boreal Toads
are still widely distributed throughout Utah,
some populations have experienced declines,
resulting in efforts to protect and expand populations and to increase the ecological knowledge of the species.
One mechanism to expand populations is
to translocate toads into unoccupied habitats.
In a review of amphibian translocations, Dodd
and Seigel (1991) reported that most projects
had minimal success in establishing populations, and they suggested that amphibians may
not be suitable for translocations. This review
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spawned a debate in the literature (Burke 1991,
Reinert 1991, Seigel and Dodd 2002, Trenham
and Marsh 2002) and a more recent review
(Germano and Bishop 2009). Regardless, some
toad translocations have been successful, such
as translocations of the Natterjack Toad (Bufo
calamita; Denton et al. 1997) and Common
Toad (Bufo bufo; Zeisset and Beebee 2012).
I completed the first translocation of wild
Boreal Toads in Utah into 2 recently renovated
springs on Bureau of Land Management
(BLM) land in the Grouse Creek Mountains in
northwestern Utah. The terms reintroductions,
introductions, relocations, translocations, and
repatriations have all been used when referring to the release of animals. For this paper,
I followed the International Union for Conservation of Nature, which defines translocation
as the movement of living organisms from one
area to another (Armstrong and Seddon 2008).
Few if any adult Boreal Toads had been
observed at the 2 recipient springs since surveys began in the late 1990s, and reproduction
never had been documented, likely because
breeding habitat was not optimal. Habitat
improvements were completed in 2004 at both
springs as part of a joint project between the
BLM and the Utah Division of Wildlife Resources (UDWR). Both springs were within
the Boreal Toad metapopulation described
by Thompson (2004), but instead of waiting for
toads to colonize the newly renovated habitats, biologists translocated and monitored the
Boreal Toads for 19 years using mark/recapture
methods. The objectives were (1) to establish
Boreal Toad breeding populations at 2 restored
ponds through translocation of wild juvenile,
subadult, and adult toads and (2) to study population demographics, specifically growth rates,
longevity, and individual movements throughout the Grouse Creek Mountains.
METHODS
Study Area
This study was conducted between 1999
and 2017 at 12 Boreal Toad breeding ponds in
the Grouse Creek Mountains, Great Salt Lake
Desert Drainage (mean annual precipitation,
23 cm), in northwestern Utah. Six ponds are
on BLM lands, 2 occur on lands governed by
the School and Institutional Trust Lands
Administration (SITLA), and 4 are privately
owned properties. No perennial or intermittent
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Fig. 1. Boreal Toad breeding locations in the Grouse
Creek Mountains in northwestern Utah.

streams connect any of these breeding ponds
(Fig. 1). The ponds ranged in elevation from
1659 to 2072 m and consisted of small springs
that were dredged and bermed in the 1950s to
create small ponds (Fig. 2) with surface areas of
80–900 m2 and maximum depths of 0.5–2.5 m.
These ponds typically were created to water
livestock (Thompson 2004).
Boreal Toad habitat had deteriorated at 2
of these ponds, and in 2004 projects to improve
spring output and toad breeding habitat were
completed prior to the translocation of toads
into these habitats. At Cluster Springs, 3 springheads and the associated spring pools were
dredged and deepened (maximum depth >1
m), and the north shoreline was shaped to
provide shallow water for Boreal Toad breeding. The springhead at Keg Springs was reexcavated, which resulted in more water production, and a culvert pipe was driven vertically over the springhead and capped. As
water filled the culvert, it exited through a
buried water line, which brought water
directly to the pond. This pond had been dry
for more than 10 years prior to this project.

Three of the Boreal Toad breeding ponds—
2 during this study period—have been fenced
by the BLM and UDWR. While 9 breeding
ponds remain unfenced, 4 of the ponds are in
a grazing allotment, which is used as a grass
bank and is not grazed on an annual cycle.
Boreal Toads typically breed in the Grouse
Creek Mountains from April through May,
which on average is about one month earlier
than other northern Utah populations in the
Monte Cristo and Uinta Mountain Ranges,
where breeding locations ranged from 2353 to
2594 m and 2408 to 2859 m, respectively.
Lower elevation coupled with less winter snow
accumulation resulted in earlier breeding in
the Grouse Creek Mountains. In general,
Utah Boreal Toad populations occur at lower
elevations than in the Southern Rocky Mountains in Colorado, where breeding has been
observed at 2615–3385 m (Hammerson 1999).
Juvenile Boreal Toads emerged in late May
to early June, typically during breeding or
after adult toads had bred; toads were considered juveniles if they were ≤55 mm snout–
vent length (SVL) (Olson et al. 1986, Schmetterling and Young 2008). The SVL was measured
(to the nearest mm) with a small ruler on the
ventral side of a “relaxed” (i.e., not stretching
or struggling) toad. Amphibian chytrid fungus
(Bd) has been detected in Boreal Toad skin
swabs in 5 of 11 Utah mountain ranges with
toad populations, but not in the Grouse Creek
Mountains despite sampling in 2006, 2009,
2013, and 2016 (Edwards et al. 2017). While
sample sizes during 3 of the 4 years were not
large enough to detect Bd in low prevalence,
the largest sample (collected in 2013) comprised 65 individual Boreal Toad skin swabs
from 8 breeding locations. This sample would
have detected Bd if prevalence were ≥5%
(Gray et al. 2015).
Emergent vegetation at the breeding ponds
was dominated by rushes ( Juncus spp.), sedges
(Carex spp.), hardstem bullrush (Scirpus acutus), cattail (Typha latifolia), and teasel (Dipsacus fullonum). The upland vegetation community was single-leaf pinyon (Pinus monophylla), juniper ( Juniperus spp.), and sagebrush
(Artemisia spp.) (Thompson 2004). The only
other amphibian present in the area was the
Great Basin Spadefoot Toad (Spea intermontana), which also breeds in the ponds.
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Fig. 2. Boreal Toad translocation sites, Cluster Springs (top photo) and Keg Springs (bottom photo), that typify the
modified desert springs utilized by Boreal Toad for breeding in the Grouse Creek Mountains, Utah.

Translocation
I translocated Boreal Toads into Cluster
Springs in 2006–2008 and into Keg Springs in
2010–2012. Visual searching and dip netting
as described by Thomas et al. (1997) from
1998 to 2006 at these springs resulted in the
capture of one Boreal Toad at Cluster Springs

(n = 10 visits) and no toads at Keg Springs
(n = 5 visits). The available habitat at these
2 locations was sampled thoroughly in <30 min
during these visits. Juvenile (≤55 mm SVL)
and subadult/adult (>55 mm SVL) life stages
were targeted for translocation, and tadpoles
and eggs were moved on 2 occasions from one
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breeding pond that had a history of drying
quickly and desiccating eggs or tadpoles.
Boreal Toads were moved from only one of the
3 largest breeding areas in the Grouse Creek
Mountains during any given year; all toads
were moved postbreeding during the last 2
weeks of May or first 2 weeks of June, when
juvenile toads were active. I measured SVL
and marked all toads prior to translocation.
Subadult/adult toads were sexed and given a
12.5-mm, uniquely coded passive integrated
transponder (PIT) tag. Sex was determined by
the presence of darkened nuptial pads on the
inner toes of the front legs of males (Campbell
1970a, Hammerson 1999). To administer the
PIT tag, a syringe was dulled and tags and
scissors were sterilized with 95% ethanol.
Scissors were used to make a small incision
horizontal to the middorsal line, a PIT tag was
implanted subcutaneously, and the tag was
massaged to the posterior of the toad to prevent it from being expelled before the cut had
healed. Thompson (2004) recaptured 84% of
the toads that had been PIT-tagged at one
location. Given that some tagged toads never
will be recaptured, PIT tag loss was considered minimal. I measured the SVL of juveniles
and they were given a unique cohort mark by
clipping a single front toe.
A minimum of 2 visual searches per year
were completed at both springs following the
first translocation of toads. On average, Cluster Springs was visited 6 times per year and
Keg Springs 4 times per year, with most visits
when Boreal Toads were breeding. All toads
captured were sexed, measured (SVL), examined for a toe clip, and scanned for a PIT tag.
If a PIT tag was not present and the Boreal
Toad was >55 mm SVL, a tag was administered. The number of egg strands were counted
and reported as the minimum number deposited per year; infrequent monitoring outside of the Boreal Toad breeding period did
not allow consistent evaluation of recruitment (e.g., enumeration of metamorphs). Only
a few site visits were completed later in the
summer (August or September); metamorphs
were observed during one of these surveys at
each spring. These metamorphs were given a
unique hind foot toe clip at Cluster Springs,
and their number was estimated at Keg
Springs without marking them.

Population Demographics
Juvenile Boreal Toads that had been
translocated into Cluster and Keg springs
were tracked through time; these toads were
translocated at the known age of one year. As
these toads were recaptured through time,
monthly SVL data was pooled and growth
(SVL) was plotted against the age of the toads,
which allowed development of a logarithmic
trend line that predicted growth for Boreal
Toads in the Grouse Creek Mountains. Since
active toads have been observed from March
through October, this time frame was considered the growth window. Recaptured metamorphs that were given a unique toe clip at
Cluster Springs also were used in this analysis.
The recaptures of PIT-tagged Boreal Toads
were utilized to determine the longevity and
movements of toads in the Grouse Creek
Mountains. To determine longevity, only Boreal
Toads initially PIT-tagged at ≤75 mm SVL
were aged because their age when tagged
could be reasonably estimated from the growth
curve described above. The age of these toads
was estimated by adding the age when tagged
plus the years until their last recapture. Only
Boreal Toads PIT-tagged between 1999 and
2008 were reported, because these toads provided the longest record to determine longevity. Toad movements were calculated as
straight-line distances between the breeding
pond where the toads were PIT-tagged and
the location at each subsequent recapture.
RESULTS
Cluster Springs Translocation
Twenty-one adult or subadult (14 ɉɉ, 7
ɊɊ), 87 juvenile, and an estimated 800 tadpole Boreal Toads were translocated into Cluster Springs between 2006 and 2008 (Table 1).
The tadpoles were translocated on 5 June 2006;
20 tadpoles were observed on 12 June 2006;
and no tadpoles or metamorphs were observed on 29 July 2006. All translocated
subadult/adult toads were administered a PIT
tag; 9 of the 21 translocated toads were recaptured during a subsequent survey; and 5 of
these toads were recaptured during multiple
years following their translocation. Two of the
adults translocated in 2006 were recaptured
as recently as 2014 and 2017. All juvenile
toads were translocated after a unique cohort

toe-clipped as metamorphs in 2011.
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4
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1

2
4
5
2
1
2
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age-1 toads
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5 markeda

5 marked

8 marked
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Individual
age-2 toads
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2 marked, 1 unmarked
1 marked
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3 marked
2 marked
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3 marked, 2 unmarked

6 marked
6 marked
2 marked
4 marked
5 marked
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5 marked

Individual
adult toads
captured

1ɉ

Immigrants

1ɉ

1ɉ
2 ɉɉ

2

Emmigrants
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aOriginally

2013
2014
2015
2016
2017

2012

9 subadult/adults;
84 (65–100)
42 juveniles;
28 (18–44)
2 egg strands
6 subadult/adults;
71 (63–90)
50 juveniles;
27 (20–40)
6 subadult/adults;
64 (61–71)
50 juveniles;
32 (26–44)

10 subadult/adults;
73 (60–79)
50 juveniles; 34 (25–45)
Tadpoles ~800
5 subadult/adults;
65 (60–77)
37 juveniles;
40 (30–48)
6 subadult/adults;
77 (68–82)

Mimimum
egg strands
observed

♦

2011

2009
2010
2011
2012
2013
2014
2015
2016
2017
KEG SPRINGS
2010

2008

2007

CLUSTER SPRINGS
2006

Year

Translocations;
SVL (mm)

TABLE 1. Boreal Toad translocation results for Cluster Springs and Keg Springs. Marked = PIT tag or toe clip.
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toe clip was administered; 19 of the 87 juveniles were recaptured and were PIT-tagged
because they had grown >55 mm SVL. Two
toads translocated as juveniles were captured
as recently as 2013. Reproduction (presence of
egg strands) was observed every year from
2009 to 2015 and in 2017; a minimum of 21
egg strands were observed during this time
frame, with the largest reproductive years
being 2010 (n = 4 egg strands), 2011 (n = 5),
and 2015 (n = 4) (Table 1).
Eight metamorphs were captured in August
2011 and given a unique toe clip; 5 of these
toads were recaptured in 2013 and PIT-tagged
(Table 1). Six unmarked age-1 or age-2 toads
were captured through the study; 5 of these
toads likely resulted from natural reproduction at Cluster Springs, but they could have
immigrated from another area. Four of these
age-1 toads were captured in 2017, likely indicating successful recruitment from 2016,
although no eggs were observed that year.
One adult female immigrated from another
breeding pond and 5 toads were documented
to have emigrated to other breeding ponds
(Table 1). Four of the emigrants were toads
that were translocated (2 as adults and 2 as
juveniles), and they were recaptured back at
their natal pond; one emigrant was a 2011
natural recruit.
Keg Springs Translocation
A group of Boreal Toads, comprising 21
adults or subadults (12 ɉɉ, 9 ɊɊ), 142 juveniles, and 2 egg strands, were translocated into
Keg Springs between 2010 and 2012 (Table 1).
The 2 egg strands were moved on 20 May
2010 and likely explained the 2 unmarked
age-1 toads found in 2011, as well as an
unmarked adult toad found in 2012 and 2013
(Table 1). All translocated subadult/adult toads
were administered a PIT tag; 6 of the 21
translocated toads were recaptured at Keg
Springs on a subsequent survey. One adult
male translocated in 2012 was captured at Keg
Springs as recently as 2017. All juvenile toads
were translocated after a unique cohort toe
clip was administered; 16 of the 142 juveniles
were recaptured at SVL >55 mm and were
PIT-tagged. Two of the 16 toads were captured
at Keg Springs the year(s) following their
translocation, with one male observed as
recently as 2017. Reproduction (n = number
of egg strands) was observed in 2015 (n = 1),

2016 (n = 4), and 2017 (n = 1); a survey on
25 August 2015 estimated 200 metamorphs,
which were neither PIT-tagged (≤55 mm
SVL) nor given a toe clip.
Eleven unmarked age-2 toads were captured at Keg Springs in 2017. These toads
likely were produced in 2015 and were part of
the successful recruitment for that year (200
metamorphs); some of these toads could have
immigrated from another area. One translocated juvenile toad was captured and PITtagged, and this male was next observed 4 years
later at a different breeding pond (Table 1).
Population Demographics
Translocated age-1 Boreal Toads (n = 229)
and 8 metamorphs from Cluster Springs
resulted in the measurement of 320 unique
SVLs from the translocation stockings and
subsequent recaptures. The majority of the
SVLs were collected when Boreal Toads were
age-1 (n = 264) and age-2 (n = 30), with fewer
captures as toads grew older. A best-fit logarithmic trend line that predicted growth by
age was fitted to the data, and it explained
79% of the size variation (Fig. 3). Boreal Toads
grew quickly through age 2, while growth of
older toads slowed considerably, making the
age of older toads impossible to estimate from
size (Fig. 3).
Passive integrated transponder tags were inserted into 1964 Boreal Toads in the 12 breeding ponds in 1999–2017. Of these, 698 were
(1) initially tagged between 1999 and 2008,
(2) ≤75 mm SVL when they were tagged, and
(3) estimated to be either age-2 or age-3 (from
Fig. 3) when initially PIT-tagged. Of these,
93.3% (n = 651) were not recaptured past age
5, 5.6% (n = 39) were captured last between
ages 6 and 10, and 1.1% (n = 8) were last captured at age 11 or older. The 8 longest-lived
Boreal Toads were aged at 11 (n = 3), 12 (n = 3),
15 (n = 1), and 16 (n = 1) years. The Boreal
Toad aged at 16 years was initially tagged in
April 2001 at 66 mm SVL (estimated to be
age-2), was last captured in May 2015, and
was recaptured on 17 occasions at the same
breeding pond.
During 1999–2017, 43 Boreal Toads were
documented to move 0.9–7.6 km straight-line
distance between breeding ponds in the
Grouse Creek Mountains (Table 2, Fig. 4). The
most common movement was within a dry
draw 1.3 km between 2 breeding ponds (n =
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Fig. 3. Boreal Toad growth rates in the Grouse Creek Mountains, Utah.
TABLE 2. Boreal Toad movements in the Grouse Creek
Mountains, Utah, 1999–2017.
Number of
toads by sex
2 ɉɉ
1 ɉɉ
4 ɉɉ
11 ɉɉ, 3 ɊɊ
1ɉ
1ɉ
1Ɋ
1Ɋ
1ɉ
1 ɉa
1Ɋ
2 ɉɉ
1ɉ
1ɉ
1ɉ
1Ɋ
1ɉ
1Ɋ
2 ɉɉ
1Ɋ
2 ɉɉ, 2 ɊɊc
aBoreal

Distance
traveled (km)

Elevation
gain/loss (m)

0.9
0.9
1.3
1.3
1.5
1.8
1.9
2.0
2.1
2.2
2.7
2.8
2.8
4.2
4.8
5.0
5.1
5.3
5.9
6.5
7.6

−76
+76
−141
+141
−87
+3
+87
+44
+82
−94
−116b
+6b
−6b
−233
−184
+294
+267
+374
−325
−267
+407

Toad translocated to Keg Springs as a juvenile and moved to a different

pond
bNet

elevation gain/loss; Boreal Toads that traveled across the spine of the
Grouse Creek Mountains
cBoreal Toads translocated to Cluster Springs as adults (n = 2) and juveniles
(n = 2) that returned to their natal pond

18 toads) and the longest movements (7.6 km)
were 4 toads that had been translocated to
Cluster Springs and then returned to their
natal pond. Two of these toads were translo-

cated in 2006 as adults and recaptured at their
natal pond in 2009 (female) and 2015 (male).
The other 2 toads were translocated in 2006
as age-1 (≤55 mm SVL) toads, recaptured
(>55 mm SVL) at Cluster Springs in 2007 and
PIT-tagged, and then recaptured at their natal
pond in 2009 (female) and 2014 (male). The
female juvenile toad when captured in 2007 at
Cluster Springs was missing half of her right
rear leg. This toad moved 7.6 km straight-line
distance, gaining 407 m in elevation, despite
having only one intact rear leg. At least one
Boreal Toad movement was documented into
or from all 12 breeding ponds (Fig. 4).
DISCUSSION
The translocation of wild-captured Boreal
Toad juveniles and subadults/adults was successful in the short term at establishing 2 new
breeding locations, Cluster Springs and Keg
Springs, in the Grouse Creek Mountains,
Utah, although decades of monitoring will be
needed to determine whether these translocated populations remain self-sustaining
(Dodd and Seigel 1991). Pretranslocation surveys did not find toad populations at these
2 locations, and while a few toads likely did
immigrate into these ponds during this study,
this limited movement does not explain the
degree of reproduction and recruitment
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Fig. 4. Boreal Toad movements between breeding ponds on the Grouse Creek Mountains, Utah, 1999–2017. The
arrows only indicate the number and direction of the movements from one breeding pond to another and do not represent the paths that the toads traveled.

observed following the translocation of toads.
A more aggressive monitoring protocol including more site visits during the breeding period
and later in the year to evaluate recruitment
should be utilized to track these populations
into the future.
Boreal Toad egg strands were observed at
Cluster Springs in 8 of 9 years, and age-1 toads
were observed on 2 visits during the most
recent survey year, 2017. These juvenile toads
represented either (1) successful breeding at
Cluster Springs in 2016 or (2) immigration to
Cluster Springs from another breeding population. If these toads immigrated, the closest
breeding pond was 2.1 km distant. Although
Bull (2009) found that newly metamorphosed
Western Toads dispersed up to 2.7 km along
drainages with intermittent and permanent
water, there was no water between these 2
locations in the Grouse Creek Mountains. More
likely, Boreal Toad reproduction in 2016 was
missed during surveys, suggesting successful
breeding in all 9 years at Cluster Springs follow-

ing the last translocation. Three small springs
comprise Cluster Springs, and the age-1 toads
found in 2017 were near the smallest spring.
This spring often was surveyed quickly because
all breeding activity and the majority of the
toads sighted at this location were at the larger
2 springs. Successful recruitment also was
documented at Cluster Springs in August 2011,
when 8 Boreal Toad metamorphs were documented. The translocation into Keg Springs
was more recent (2010–2012), thus resulting
in 5 years posttranslocation monitoring to date
there, with egg strands observed in the last
3 years (2015–2017). A single late-season survey
to Keg Springs in August 2015 documented
hundreds of metamorphs. Observations of 1–5
egg strands at these locations are comparable
with reproductive output at other breeding
locations in the Grouse Creek Mountains
(Thompson 2004).
Germano and Bishop (2009) reviewed
published amphibian translocations between
1991 and 2006 and found that successful
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translocations were significantly related to the
number of animals released, with releases of
>1000 animals being the most successful. The
most common reported failure in these projects was homing and emigration of introduced
individuals from the release sites. I translocated fewer than 1000 juvenile and subadult/
adult Boreal Toads to Cluster Springs (n =
108) and Keg Springs (n = 163). While translocated toads remained at both springs, recapture rates were not high for either translocated age class, likely attributable partially to
limited monitoring, although 5 translocated
Boreal Toads emigrated from their release site
and 4 (2 translocated as adults and 2 as juveniles) exhibited homing and traveled 7.6 km
straight-line distance back to their original
capture pond.
The translocation of Boreal Toads to Cluster
and Keg springs was not designed to evaluate
which life stage, juvenile or subadult/adult,
was better suited for translocating and starting
a population. Though PIT-tagged toads of both
life stages were tracked opportunistically, and
were found to remain at each location and to
contribute to reproduction, translocation success was primarily monitored by documenting
egg strand deposition through time. Only 4
marked toads were observed in amplexus during the study; 3 had been translocated as juveniles 3 years prior, and one had been translocated as an adult 11 years prior. During 2017,
the majority of subadult/adult toads captured
at both translocation sites (16 of 19 toads collectively) were not marked and therefore were
not translocated toads; they were probably
recruits from on-site breeding/recruitment.
Although details of egg laying and metamorphosis were not intensively monitored, recent
Boreal Toad metamorphs were documented at
both Cluster Springs (2011) and Keg Springs
(2015).
Germano and Bishop (2009) reported that
in 25 amphibian translocation studies, success
was independent of the life stage of released
amphibians. However, they recommended releasing eggs or younger individuals rather than
older adults when dealing with species that
demonstrate strong homing tendencies. Zeisset and Beebee (2012) and Denton et al. (1997)
were successful in establishing populations of
the Common Toad and the Natterjack Toad,
respectively, through the translocation of eggs.
Few studies have attempted to establish Boreal
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Toad populations through translocations. Muths
et al. (2001) were not successful in establishing a reproducing Boreal Toad population in
Rocky Mountain National Park through the
translocation of egg strands or the stocking of
hatchery-produced metamorphs and large age-1
toads; though the egg strands hatched, no released life stage was encountered in the year
following its release. The elevation for those
Boreal Toad releases was higher (>2500 m)
than the elevation of breeding populations
in the Grouse Creek Mountains (<2100 m),
possibly contributing to the difference between
my results and theirs.
For future Boreal Toad repatriations, Muths
et al. (2001) recommended the introduction
of large numbers of hatchery-produced eggs
and larvae primarily because (1) no existing
population in the southern Rocky Mountains
could produce enough source material for the
collection of any life stage from the wild and
(2) early life stages were less expensive to culture. More recent Boreal Toad introductions
in the Southern Rocky Mountains have continued the stocking of wild and captive-produced
tadpoles, resulting in the observation of multiple age classes (age-1, age-2, and 1 subadult
Boreal Toad), but no adults nor evidence of
breeding has been observed (Muths et al. 2014),
and none of the Boreal Toad translocations in
Colorado have been as successful as desired
(Muths et al. 2001, Carey et al. 2005, Muths et
al. 2014).
Unlike in the Southern Rocky Mountains,
all Boreal Toad life stages were available for
translocation in the Grouse Creek Mountains,
where healthy chytrid-negative populations reside. Following habitat enhancements at Cluster and Keg Springs, the movement of wildcaptured juvenile (age-1) and subadult/adult
(≥ age-2) toads has resulted in reproduction
comparable to other breeding locations in the
Grouse Creek Mountains (Thompson 2004),
with documented recruitment at both locations. The dry landscape of the Grouse Creek
Mountains may have limited Boreal Toad emigration from the translocation sites, thereby
favoring success compared to other reported
translocation experiments for the species. The
apparent absence of Bd in my study area also
may have contributed to the apparent success.
A Boreal Toad growth curve was developed
for the Grouse Creek population from marked
age-1 toad recapture data, allowing age to be
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estimated for toads initially tagged at SVL
<75 mm. In general, Boreal Toads 30–40 mm
SVL captured in the spring/early summer and
toads 50–60 mm SVL captured later in the
summer/early fall were age-1. Age-2 toads
ranged from approximately 55–60 mm to 70–75
mm across their second growing season. Age-3
toads started their third year at approximately
70–75 mm, and thus any SVLs >75 mm were
not usable to predict age. The growth of age-1
and age-2 Boreal Toads in the Grouse Creek
Mountains was similar to that reported by
Young and Schmetterling (2009) in western
Montana, suggesting that similar age estimation may be possible elsewhere, although caution must be exercised (Blaustein et al. 2001,
Corn and Muths 2002). The use of appropriately calibrated growth curves allows managers to better evaluate recruitment during
population monitoring.
A few Boreal Toads in the Grouse Creek
Mountains lived to more than 10 years old,
with 2 male toads living to age-15 and age-16,
respectively. These older toads are rare, but
they are not unique to this population. While
PIT-tagging Boreal Toads in the Monte Cristo
Mountains, also located in Northern Utah, I
estimated another male toad at age-17. The
3 oldest toads I report here exceed previous
maxima reported in other Boreal Toad studies
(greatest ages of 10 to 13 years; Olson 1992,
Hammerson 1999, Carey et al. 2005, Bull
2006).
Western Toad movements likely are a mechanism of dispersal (e.g., to avoid crowded habitats
or colonize new habitats), predation avoidance,
and food searching (Bull 2006). I documented
43 Boreal Toad movements of 0.9–7.6 km in
the relatively arid sagebrush/juniper landscape
of the Grouse Creek Mountains (Thompson
2004; and data herein). Longer downstream
movements have been reported (Carey et al.
2005, Schmetterling and Young 2008), but terrestrial movements >2 km are not common
(Campbell 1970a, Muths 2003, Bartelt et al.
2004, Browne and Paszkowski 2010), although
Carey et al. (2005) and Bull (2006) reported terrestrial movements of >6 km. Female toads
are believed to wander farther from breeding
locations than males (Loeffler 2001, Muths
2003, Bartelt et al. 2004, Browne and Paszkowski 2010); however, approximately 75% of
the Boreal Toad movements documented in
this study were male. Thompson (2004)

reported common sex ratios in these populations at 3 males to 1 female, so both sexes
appeared equally likely to move. The exact
length of time required to complete these
movements was unknown, but one male toad
moved 1.8 km in <6 weeks following a wildfire. This movement was across a landscape
that was burned and contained no vegetation.
The frequency and distance of movements in
the Grouse Creek Mountains was surprising
due to the desert environment and lack of wet
corridors between breeding ponds.
The Grouse Creek Boreal Toad population
consists of multiple breeding locations with consistent reproduction/recruitment. The translocation of juvenile and subadult/adult toads
into Cluster and Keg Springs has added 2 new
breeding locations on the mountain range. I
found that Boreal Toads move across this
desert landscape, resulting in the exchange of
genetic material between breeding locations,
and that they can live up to 16–17 years. Livestock grazing and amphibian chytrid fungus
are 2 specific threats to the Grouse Creek
Boreal Toad population. At present, most livestock have been excluded from Boreal Toad
breeding ponds where impacts historically
occurred. Managers are now considering limited grazing at these ponds to slow vegetation
encroachment into these shallow habitats and
to maintain open water for breeding. All of
these factors strengthen the redundancy and
resiliency within this population from catastrophic events, such as wildfire. Two wildfires
burned across 4 Boreal Toad breeding ponds
on the Grouse Creek Mountains during July
2013. The effects of disturbance events like
wildfires on toads are largely unknown (Bull
2006), but similar toad densities and reproduction were observed in these populations
postfire (McKay et al. 2017). The Grouse
Creek Boreal Toad population is remote, and
the potential spread of Bd may be lower than
elsewhere in the species’ range; this population appears healthy with a good probability of
persistence well into the future.
ACKNOWLEDGMENTS
I thank numerous UDWR and BLM biologists and technicians that assisted with fieldwork across the 19 years of this project, specifically B. Nadolski, A. Webber, S. McKay, P.
Tuttle, C. Broderius, C. Edwards, T. Allen,

THOMPSON

♦

BOREAL TOAD TRANSLOCATION IN UTAH

C. Mellon, and K. Wilson. I thank S. Seegert
and C. Mellon for reviewing earlier drafts of
this manuscript. This project was funded in
part by the Utah Department of Natural
Resources Endangered Species Mitigation
Fund and the UDWR through State Wildlife
Grants, as well as the BLM.
LITERATURE CITED
ARMSTRONG, D.P., AND P.J. SEDDON. 2008. Directions in
reintroduction biology. Trends in Ecology and Evolution 23:20–25.
BARTELT, P.E., C.R. PETERSON, AND R.W. KLAVER. 2004.
Sexual differences in the post-breeding movements
and habitats selected by Western Toads (Bufo boreas)
in southeastern Idaho. Herpetologica 60:455–467.
BLAUSTEIN, A.R., L.K. BELDEN, D.H. OLSON, D.M.
GREEN, T.L. ROOT, AND J.M. KIESECKER. 2001.
Amphibian breeding and climate change. Conservation Biology 15:1804–1809.
BROWNE, C.L., AND C.A. PASZKOWSKI. 2010. Hibernation
sites of Western Toads (Anaxyrus boreas): characterization and management implications. Herpetological
Conservation and Biology 5:49–63.
BULL, E.L. 2006. Sexual differences in the ecology and
habitat selection of Western Toads (Bufo boreas) in
northeastern Oregon. Herpetological Conservation
and Biology 1:27–38.
BULL, E.L. 2009. Dispersal of newly metamorphosed and
juvenile Western Toads (Anaxyrus boreas) in northeastern Oregon, USA. Herpetological Conservation
and Biology 4:236–247.
BURKE, R.L. 1991. Relocations, repatriations, and translocations of amphibians and reptiles: take a broader
view. Herpetologica 47:350–357.
CAMPBELL, J.B. 1970a. Life history of Bufo boreas boreas
in the Colorado Front Range. Doctoral dissertation,
University of Colorado, Boulder, CO.
CAMPBELL, J.B. 1970b. Hibernacula of a population of
Bufo boreas boreas in the Colorado Front Range.
Herpetologica 26:278–282.
CAMPBELL, J.B. 1972. Reproduction and transformation of
Boreal Toads in the Colorado Front Range. Journal
of the Colorado–Wyoming Academy of Sciences
7:114.
CAREY, C., P.S. CORN, M.S. JONES, L.J. LIVO, E. MUTHS,
AND C.W. LOEFFLER. 2005. Factors limiting the
recovery of Boreal Toads (Bufo b. boreas). Pages
222–236 in M. Lannoo, editor, Amphibian declines:
the conservation status of United States species.
University of California Press, Berkeley, CA.
CORN, P.S., B.R. HOSSACK, E. MUTHS, D.A. PATLA, C.R.
PETERSON, AND A.O. GALLANT. 2005. Status of
amphibians on the Continental Divide: surveys on a
transect from Montana to Colorado, USA. Alytes
22:85–94.
CORN, P.S., AND E. MUTHS. 2002. Variable breeding phenology affects the exposure of amphibian embryos in
ultraviolet radiation. Ecology 83:2958–2963.
DENTON, J.S., S.P. HITCHINGS, T.J. BEEBEE, AND A. GENT.
1997. A recovery program for the Natterjack Toad
(Bufo calamita) in Britain. Conservation Biology
11:1329–1338.

35

DODD, C.K., AND R.A. SEIGEL. 1991. Relocation, repatriation, and translocation of amphibians and reptiles:
are they conservation strategies that work? Herpetologica 47:336–350.
EDWARDS, C., P. THOMPSON, AND P. CHASE. 2017. Boreal
Toad (Anaxyrus boreas boreas) distributional surveys, monitoring, and population expansion in
northern Utah, 2016. Pages 102–133 in Utah Division of Wildlife Resources, compiler, Boreal Toad
(Anaxyrus boreas boreas) statewide monitoring and
conservation summary 2014–2016. UDWR Publication Number 17–19, Salt Lake City, UT.
GERMANO, J.M., AND P.J. BISHOP. 2009. Suitability of
amphibians and reptiles for translocation. Conservation Biology 23:7–15.
GRAY, M.J., J.L. BRUNNER, J.E. EARL, AND E. ARIEL. 2015.
Design and analysis of Ranavirus studies: surveillance and assessing risk. Pages 209–240 in M. Gray
and V. Chinchar, editors, Ranaviruses. Springer,
Cham, Switzerland.
HAMMERSON, G.A. 1999. Amphibians and reptiles in Colorado. 2nd edition. University Press of Colorado and
Colorado Division of Wildlife, Denver, CO.
HOGREFE, T.C., C.L. BAILEY, P.D. THOMPSON, AND B.
NADOLSKI. 2005. Boreal toad (Bufo boreas boreas)
conservation plan for Utah. UDWR Publication
Number 05-37, Utah Division of Wildlife Resources,
Salt Lake City, UT.
JONES, M.S., J.P. GOETTL, K.L. SCHERFF-NORRIS, S.
BRINKMAN, L.J. LIVO, AND A.M. GOEBEL. 1998. 1998
Boreal Toad research progress report: 1995–1997.
Colorado Division of Wildlife, Fort Collins, CO.
LOEFFLER, C., EDITOR. 2001. Conservation plan and
agreement for the management and recovery of the
southern Rocky Mountain population of the Boreal
Toad (Bufo boreas boreas). Boreal Toad Recovery
Team and Technical Advisory Group, Colorado.
MCKAY, S., P. THOMPSON, AND P. CHASE. 2017. Boreal Toad
(Anaxyrus boreas boreas) distributional surveys,
monitoring, and population expansion in northern
Utah, 2015. Pages 71–101 in Utah Division of
Wildlife Resources, compiler, Boreal Toad (Anaxyrus
boreas boreas) statewide monitoring and conservation summary 2014–2016. UDWR Publication Number 17-19, Salt Lake City, UT.
MUTHS, E. 2003. Home range and movements of Boreal
Toads in undisturbed habitat. Copeia 2003:160–165.
MUTHS, E., L.L. BAILEY, AND M.K. WATRY. 2014. Animal
reintroductions: an innovative assessment of survival. Biological Conservation 172:200–208.
MUTHS, E., P.S. CORN, A.P. PESSIER, AND D.E. GREEN.
2003. Evidence for disease-related amphibian decline
in Colorado. Biological Conservation 110:357–365.
MUTHS, E., T.L. JOHNSON, AND P.S. CORN. 2001. Experimental repatriation of Boreal Toad (Bufo boreas)
eggs, metamorphs, and adults in Rocky Mountain
National Park. Southwestern Naturalist 46:106–113.
NUSSBAUM, R.A., E.D. BRODIE, AND R.M. STORM. 1983.
Amphibians and reptiles of the Pacific Northwest.
University of Idaho Press, Moscow, ID.
OLSON, D.H. 1992. Ecological susceptibility of amphibians to population declines. Pages 55–62 in
R.R. Harris, D.E. Erman, and H.M. Kerner, editors, Proceedings of the Symposium on Biodiversity of Northwestern California. University of California Wildland Resources Center, Report 29,
Davis, CA.

36

WESTERN NORTH AMERICAN NATURALIST (2019), VOL. 79 NO. 1, PAGES 24–36

OLSON, D.H., A.R. BLAUSTEIN, AND R.K. O’HARA. 1986.
Mating pattern variability among Western Toad
(Bufo boreas) populations. Oecologia 70:351–356.
REINERT, H.K. 1991. Translocation as a conservation
strategy for amphibians and reptiles: some comments, concerns, and observations. Herpetologica
47:357–363.
ROSS, D.A., T.C. ESQUE, R.A. FRIDELL, AND P. HOVINGH.
1995. Historical distribution, current status, and range
extension of Bufo boreas in Utah. Herpetological
Review 26:187–189.
SCHMETTERLING, D.A., AND M.K. YOUNG. 2008. Summer
movements of Boreal Toads (Bufo boreas boreas) in
two western Montana basins. Journal of Herpetology
42:111–123.
SEIGEL, R.A., AND C.K. DODD JR. 2002. Translocations of
amphibians: proven management method or experimental technique? Conservation Biology 16:552–554.
SMITS, A.W. 1984. Activity patterns and thermal biology
of the toad Bufo boreas halophilus. Copeia 1984:
689–696.
STEBBINS, R.C. 1985. A field guide to western reptiles
and amphibians. Houghton Mifflin Company, New
York, NY.
THOMAS, C., C.C. CORKRAN, AND D.H. OLSON. 1997. Basic
amphibian survey for inventory and monitoring in
lentic habitats. Northwest Fauna 4:35–46.
THOMPSON, P.D. 2004. Observations of Boreal Toad (Bufo
boreas) breeding populations in northwestern Utah.
Herpetological Review 35:342–344.
THOMPSON, P.D., R.A. FRIDELL, K.K. WHEELER, AND C.L.
BAILEY. 2004. Distribution of Bufo boreas in Utah.
Herpetological Review 35:255–257.

TRENHAM, P.C., AND D.M. MARSH. 2002. Amphibian
translocation programs: reply to Seigel and Dodd.
Conservation Biology 16:555–556.
[USFWS] UNITED STATES FISH AND WILDLIFE SERVICE.
2012. Endangered and threatened wildlife and plants;
90-day finding on a petition to list the eastern or
southern Rocky Mountain population of the Boreal
Toad as an endangered or threatened distinct population segment. Federal Register 77:21920–21936.
[USFWS] UNITED STATES FISH AND WILDLIFE SERVICE.
2017. Endangered and threatened wildlife and
plants; 12–month findings on petitions to list 25
species as endangered or threatened species. Federal Register 82:46618–46645.
WRIGHT, A.H., AND A.A. WRIGHT. 1995. Handbook of
frogs and toads. Comstock Publishing Associates,
Ithaca, NY.
YOUNG, M.K., AND D.A. SCHMETTERLING. 2009. Agerelated seasonal variation in captures of streamborne Boreal Toads (Bufo boreas boreas, Bufonidae)
in western Montana. Copeia 1:117–124.
ZEISSET, I., AND T.J. BEEBEE. 2012. Donor population size
rather than local adaptation can be a key determinant of amphibian translocation success. Animal
Conservation 1:117–124.
Received 17 January 2017
Revised 10 May 2018
Accepted 8 June 2018
Published online 22 April 2019

